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The major pathway of activating mast cells is the immunological trigger brought about by the aggregation of high affinity receptors (FcεRI) for IgE, by corresponding antigens [4] . An alternative way of activating mast cells is by a large number of polycationic molecules collectively known as the basic secretagogues of mast cells. The latter include amines such as the synthetic compound 48/80 [5] [6] [7] .
In previous work, we have demonstrated that dehydroleucodine (DhL), a sesquiterpene lactone isolated from Artemisia douglasiana Besser (popularly known as "matico"), xanthatin (Xt), a xanthanolide sesquiterpene isolated from Xanthium cavanillesii Schouw (popularly known as "cadillo"), and 3-benzyloxymethyl-5H-furan-2-one (But), a semisynthetic butenolide obtained in our laboratory, prevent gastroduodenal damage in response to necrosis-inducing agents, such as absolute ethanol [8] [9] [10] . DhL, Xt and But are α,β-unsaturated lactones, which have been obtained by our group during NPC Natural Product Communications extensive research on the development of new antiulcer molecules from plant products. Structureactivity studies have shown that the presence in these molecules of a Michael acceptor, the α,β-unsaturated carbonyl group, is a prerequisite for the anti-ulcer activity [8, 10, 11] . However, the mechanisms of action remain unclear. The present study was designed with the goal of testing the hypothesis that DhL, Xt and But inhibit mast cell histamine release induced by compound 48/80.
Histamine release studies:
The effect of varying concentrations of DhL, Xt and But on compound 48/80-induced histamine release from rat peritoneal mast cells is shown in Figure 1 . Incubation of mast cells with a 10 μg/mL solution of 48/80 significantly increased histamine release when compared to basal group (48/80: 53.2 ± 2.4 vs. basal: 8.6 ± 0.7). This 48/80-induced effect was inhibited by preincubation of mast cells with DhL, Xt and But in a dosedependent manner. The inhibitory effects exhibited by preincubation of mast cells with DhL, Xt and But were similar, except for lactone concentrations of 10 and 20 μM, where the inhibitory values induced by DhL and Xt preincubation were higher than those of But. The inhibitory action of DhL, Xt and But was not accompanied by changes in cell viability (the trypan blue-exclusion test indicated a viability of greater than 85%) (data not shown). Light microscopy: Figure 2A shows mast cells from the basal group. The cytoplasm is dominated by closely packed secretory granules. Figure 2B In previous works we have demonstrated that the ulcer inhibition values showed by DhL and Xt were also higher than those of But [8, 10] . The chemistry of the lactones could explain the higher reactivity exhibited by DhL and Xt. DhL and Xt have an exocyclic methylene group conjugated to the lactone carbonyl group, as well as a second potential reactive site as part of an unsaturated methyl-ketone substructure. Both sites constitute electrophilic centers capable of forming Michael adducts by the addition of biological nucleophiles. Instead of the exocyclic reactive structure, But has an endocyclic methylene group, which is less reactive than the exocyclic double bond, and lacks the second potential reactive site.
The fact that mast cells treated with DhL, Xt and But before compound 48/80 showed only minimal degranulation may indicate either: 1) changes in the ability of mast cells to fully respond to secretagogues or: 2) inactivation of the secretagogue by chemical interaction with the lactones. The second possibility could imply structural changes in the lactones that could be detected by thin layer chromatography. Our results showed no changes of Rf values after 30 min incubation with compound 48/80. In consequence, results from thin layer chromatography studies led us to propose that there was no previous binding between lactones and compound 48/80. 
In conclusion, the results reported here provide strong evidence in favor of the view that DhL, Xt and But inhibit compound 48/80-induced histamine release from rat peritoneal mast cells, probably by acting as mast cell stabilizers. Our findings may provide an insight into the design of novel pharmacological agents that may be used to regulate the mast cell response.
Experimental
Chemicals and reagents: Bovine serum albumin, compound 48/80, dimethyl sulfoxide (DMSO), histamine standard for HPLC, toluidine blue, trypan blue and glutaraldehyde were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Percoll was obtained from Pharmacia Fine Chemicals (Uppsala, Sweden). High performance liquid chromatography solvents were purchased from Mallinckrodt (St. Louis, MO, USA). All other substances were supplied by Merck (Darmstadt, Germany).
Animals: Male Sprague-Dawley adult rats (n = 40)
weighing approximately 300 to 500 g, infection free and maintained under a 12-hour dark/light cycle in a temperature-controlled room (24-25ºC) with free access to drinking water and laboratory food, were used for the study. All animal experiments were carried out in accordance with the guidelines for animal care as adopted and promulgated by the National Institutes of Health (NIH).
Isolation and purification of dehydroleucodine (DhL):
Artemisia douglasiana Besser was collected in the mountains of the province of San Luis, Argentina. DhL was isolated as previously described [8] . Briefly, the air-dried material (1 kg) was soaked in CHCl 3 , at room temperature. The extracts were vacuum-dried and re-dissolved in 95% ethanol. After addition of 4% aqueous lead tetraacetate solution, the cloudy aqueous solution was filtered through a celite pad, and the filtrate was concentrated under vacuum. The mixture was extracted three times with CHCl 3 and the solution was concentrated under vacuum. After evaporation of the solvent, the resulting residue was fractionated by repeated flash chromatography, and column chromatography. The chromatographic purification of the chloroform extract yielded dehydroleucodine (8 g), which was identified by 1 H and 13 C NMR spectroscopy, MS, infrared spectral analysis, and melting point determinations.
Isolation and purification of xanthatin (Xt):
Xanthium cavanillesii Schouw was collected in El Volcán, Dpto. La Capital, San Luis, Argentina. Xt was isolated as previously described [10] . Briefly, the air-dried aerial parts of this plant (4.8 kg) were extracted with acetone (three times) at room temperature for 5 days. The extract was concentrated under vacuum and the resultant dark brown syrup (560 g) was dissolved in a mixture of methanol:H 2 O (9:1), filtered, and extracted with n-hexane in order to remove pigment and fatty materials. The hydroalcoholic solution was diluted with H 2 O (7:3) and then extracted with chloroform. After evaporation of the solvents the resulting residue was fractionated by repeated flash chromatography, and column chromatography. This purification protocol yielded xanthatin (3.8 g), which was identified by 1 H and 13 C NMR spectroscopy, MS, infrared spectral analysis, and melting point determination.
Preparation of 3-benzyloxymethyl-5H-furan-2-one (But): But was prepared as previously described [12] . Briefly, the general strategy for the construction of butenolides from furan was applied to 3-benzyloxymethyl-furan on a 1200 mg (6.37 mmol) scale, yielding the butenolide 3-benzyloxymethyl-5H-furan-2-one (1050 mg, 5.14 mmol, 80.6 %). But was identified by 1 H and 13 C NMR spectroscopy, MS, infrared spectral analysis, and melting point determination.
Isolation and purification of mast cells: Mast cells were isolated by peritoneal lavage and then purified by centrifugation through a discontinuous gradient of Percoll. Cells were stained metachromatically with toluidine blue (0.1% w/v, pH 1.0) and quantified by using a Neubauer hemocytometer under a Nikon microscope (magnification x 400). The purity of the mast cells after gradient centrifugation was more than 90%. The viability of the mast cells was determined by their ability to exclude trypan blue and by the measurement of histamine in the supernatant. The trypan blue-exclusion test indicated a viability of greater than 95%. Nonspecific, spontaneous histamine release was always less than 6%. and 160 μM) studies were carried out. The secretion was stopped by cooling the tubes in an ice-cold water bath. Cells and supernatants were separated by centrifugation (180 g, 5 min, 4ºC). The supernatants were used for determination of histamine content by HPLC, which was taken as a measure of histamine release. The cell pellets were sonicated in 0.1N HCl for 3 min to liberate the residual histamine, which was quantified by HPLC and taken as a measure of remaining histamine. Other samples of cell pellets were used for either cell viability studies by the trypan blue dye exclusion test or fixed for light microscopy. The percentage of histamine release in each tube was calculated. Finally, a set of incubations were performed in order to evaluate, by thin layer chromatography, the stability of lactones during the incubation periods, and to exclude the possibility that the lactones could interact with compound 48/80 during the incubations.
High performance liquid chromatography (HPLC):
Histamine levels were measured by HPLC with post column derivatization and fluorescence detection, as described [13] .
Light microscopy: Mast cells were fixed in 2% glutaraldehyde. After 2 h in the fixative, cell suspensions were stained with toluidine blue (0.1% w/v, pH 1.0), placed between slides and coverslides, and examined under a Nikon Optiphot-2 microscope.
Thin layer chromatography (TLC):
The incubation solutions were extracted with ethyl ether at room temperature and concentrated under vacuum. The residues were dissolved in ethyl acetate. Standard and incubation solution extracts were applied to plates (Silica gel 60 F 254 , Merck, Darmstadt, Germany), developed with ethyl acetate/n-hexane (40:60), and visualized with potassium permanganate staining. Rf values were calculated for individual bands.
Statistical analysis:
Differences between groups were determined using analysis of variance followed by the Tukey-Kramer multiple comparisons test. P<0.05 was considered statistically significant.
